Possible Therapeutic Role of Sulfated Polyanions
Fucoidans are found only in brown algae. They consist of long branched chains of sugars and include a substantial amount of fucose. The type of fucoidan, its sulfation, molecular weight, and conformation of sugar residues varies with the species of seaweed. 1, 9, 10 Thus, the fucoidan from Fucus vesiculosis contains 90 percent fucose, 11 whereas the major fucoidan in Undaria contains a roughly equal balance of fucose and galactose. 12, 13 When purified, the fucan fractions from Korean Undaria and Laminaria comprised respectively 12.75 and 4.76 percent of the total dry weight of the algae. 12 The fucose composition (as a percent of total sugars) of the fucoidans isolated from the Undaria and Laminaria was 57.11 percent and 80.43 percent respectively. It should be noted that while the bulk of the fucoidans in seaweeds are of high molecular weight, there is a small percentage of smaller fucoidan-type molecules that are sometimes complexed with proteins. 11, 13 Fucoidans are considered to have similarities to the (much smaller) mammalian molecule heparin sulfate. 14, 15 As such, they compete for heparin sulfate-type receptors such as those used for viral entry into cells. 16, 17 Thus, fucoidans are highly effective antiviral agents. 14, 15 In addition, they inhibit leukocyte movement into tissues, 18 modulate metastasis, 19 have heparin-like anticoagulant qualities in vitro, 20 anticomplement activity in vitro and in vivo, 21, 22 and antilipidemic activity in vivo. 13 Other biologic activities related to the heparin-like nature of fucoidans include stimulating hematopoietic progenitor cell mobilization 23, 24 and inhibiting smooth-muscle proliferation. 25 Most of the effects noted above were observed when using intravenous fucoidans in animal models. However, in vivo bio-
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A Survey of Therapeutic Potentials logic effects after Undaria ingestion indicate that there is uptake of active components, via the gut; for example, ingestion of water extracts of Undaria by mice with carcinogen induced tumors markedly suppresses tumor develo pment. 6, 26 Hiebert 27 has found that oral heparin is absorbed and found at approximately 1 percent in plasma in rats. There is a pronounced endothelial uptake of oral heparin and, thus, oral heparins have marked biologic effects despite the low plasma levels. It is possible that fucoidans behave similarly.
Use of Algae in Traditional Medicines
Chinese and Kampo (Japanese) medicine both use dried thallus (stem and spore areas) of brown seaweeds (Lamina ria, Undaria, or Ecklonia species). These are used to "eliminate phlegm and move water" and are also recognized sources of iodine. 28 They are recommended for treating cancer in Chinese and A yuverdic medicinal texts. 28, 29 In Korea, new mothers are given a diet that is rich in seaweed for the first month after birth because this diet is believ ed to provide many health benef its for mothers and their children. 30 Brown algal preparations have b e e n u s e d a s d e t o x i f y i n g agents. 31 , 32 The iodine and other elements in the seaweeds inhibit absorption of similar radioactive elements by the body. In addition, there is some chelation of contaminants such as Strontium 90 by alginates in seaweeds. More recently, it has been demonstrated that Undaria ingestion assists in eliminating dioxins in rats. 33 Feeding on beach-cast seaweeds or seaweed-treated pasture is know n to improve health and increase disea se resistance in sheep and cattle. 34, 35 Seaweed and other natural polysaccharides also alter the bacterial spectrum of the gut, indicating a possible mechanism for these observed effects. 34, 36 
Antiviral Effects
Brown seaweeds, including the commonly eaten Undaria, have inhibitory effects on herpes viruses. Herpes viruses are important human pathogens and include Herpes simplex (HSVI), genital herpes (HSVII), Varicella/chicken pox/shingles, cytomegalovirus, Epstein-Barr virus (EBV), herpes 6, 7 (Roseola, post-transplant infections), and herpes 8 (associated with Kaposi's sarcoma). In Japan, where ingestion of brown seaweed in the diet averages 2-3 g per day with a high of 12 g calculated as dry weight, 37 there is a lower rate of reactivation of HSVI, 38 and the lowest levels of HSVII compared to other countries. 39 Acyclovir (ACV) and its derivatives comprise the most common drug group used against herpes infections. These pharmaceuticals inhibit viral DNA polymerase, thereby preventing viral replication. ACV-resistant viral strains are prevalent in 5 percent of all HSV infections in immunocompromised patients. 40 Alternatives that do not give rise to drug resistance would be invaluable.
Ingestion of Undaria led to inhibition of reactivation of herpes and amelioration of active infections in a patient study. 41 In this study, one patient with an ACV-resistant HSV II recurrent infection experienced no symptoms for 3 months while taking an Undaria supplement.
In vitro, Undaria extracts and purified galactofucan sulfate from Undaria had inhibitory effects on forty different clinical strain s of HSVI and HSVII, of which half were ACV-resi stant. 42 The mec ha ni sm of inh ibition was via blo ckin g the receptor on the cell surface that is normally used by the viruses to enter cells. 43 In other studies, Undaria extracts have also inhibited EBV, HSV, and human immuno d e f i c i e n c y v i r u s ( H I V ) . 4 4 -4 8 Undaria extracts were also shown to have additiv e effects with the antiretroviral drug zidovudine in an animal model. 49 In the studies by Ohigashi et al. 44 and Hudson et al., 46 organic solvent-soluble fractions of Undaria were demonstrated to have antivir a l p r o p e r t i e s . H o w e v e r , m o s t research attention has been directed t o w ar d t h e a n t i v i r a l e ff e ct s o f anionic polysaccharides (which are water soluble). 14, 15, 42, 43, 48 T h e m e c h a n i s m o f v i r a l i n h i b i t i o n b y l a r g e a n i o n i c molecules (by inhibiting viral entry to cells) does not generate resistant strains to the same degree as acyclovir-type drugs 15 (which inhib it viral replication) and the inhib ition covers a wide spectrum of viral strains. 14, 15 If viral inhibitory polyanions, such as those found in brown seaweeds, can supplement co nve nti o nal the rap ies, the t o tal amo unt o f ot her drug s re q uir ed a nd t h e em er ge nc e o f r es is t an t s tr ai ns m ay b e reduced.
Anticancer Effects
The lower incidence of breast cancer in the Japanese and Korean populations 4,5,7 has intrigued researchers. Researchers have found that dietary brown algae and their extracts inhibit carcinogen-induced breast cancers, lung metastases, and leukemia in animal models. 6,22,26,4 4,48-51 Similarly, tests on the seaweed extracts in bacterial systems revealed that the extracts had a profound antimutagenic quality. 52, 53 Most recently Funahashi et al. 6, 26 have shown that wakame extracts (as wakame soaked in animals' drinking water) have a potent inhibitory effect on the progression of mouse mammary tumors. Similar extracts produced an equally profound apoptotic effect on breast cancer cells in vitro while the extracts were nontoxic to ordinary breast cells.
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In Korea, new mothers are given a diet that is rich in seaweed for the first month after birth because this diet is believed to provide many health benefits for mothers and their children.
From the animal model experiments, when Undaria or other brown seaweed was included in the animals' diets, it is very clear that there is a direct anticancer effect of ingestion although the active components have not been determined. Over the years, it has variously been attributed to iodine, 54, 55 tryptophan, 56 fucoidans, 50 or vitamins. 6 
The Viral Connection with Breast Cancer
There has been a recent revival in research on viral connections with breast cancer. 4, [57] [58] [59] Human homologues of mouse mammary tumor virus, papilloma viruses, and herpes viruses, chiefly EBV, are implicated. The lower rates of herpes in seaweed-eating populations may be a cofactor in the observed lower rates of breast cancer. Seaweed ingestion, which is already thought to be connected with reduced rates of breast cancer, 5 may, perhaps, elicit these protective effects via inhibition of herpes viruses.
Effects on Immunity and Inflammation
S t i m u l at i o n o f T -ce l l m u l t i p l ic a t i o n in v i t r o b y al g a l extracts 59, 41 may account for in vivo observations by other researchers, including increased monocytes in cattle who were fed seaweed-extract sprayed grasses. 35 The extensive gut lymph tissue would contact seaweeds passing through the gut. Specialized T cells in gut lymphatic tissue are important in achieving a rapid response to pathogens, in particular, to viruses such as HSV I 61, 62 and may also modulate intestinal lipid metabolism. 63 Inflammatory disorders, such as psoriasis and some types of colitis, are characterized by an excessive presence of leukocytes and may be ameliorated by seaweed ingestion. Algal-derived fucoidans inhibit the passage of leucocytes into tissues by receptor blocking. These fucoidans are being investigated clinically for their potential to prevent destruction of postischemic heart muscle by invading leucocytes. 18 
Effects on Plasma Cholesterol and Hypertension
Many foods are known to reduce cholesterol levels and brown algae fall into this category. Undaria ingestion results in lower cholesterol levels in rats. 64 This effect on lipid processing seems to be the result of stimulation of liver enzymes. 65 Undaria fucogalactan fractions were shown to reduce lipid clearance times dramatically when introduced intravenously. 13 The fucoidan component may block the macrophage scavenger receptor that is involved in low-density lipoprotein uptake. 66 Undaria contains substantial amounts of laminine and similar tetrapeptides, which have been shown to have angiotensin-converting enzyme inhibitory qualities both in vitro and in vivo. 67 Ingesting 3.6 g per day of Undaria (wakame) for 4 weeks resulted in a 14 mm Hg drop in systolic blood pressure in Asian patients who had hypertension. 68 Relying on ion exchange properties, rather than laminine, a Swedish clinical study found that ingesting potassium-loaded seaweed fibers countered hypertension sucessfully. 69 
Mineral Contents
Mineral concentrations vary according to the growth environment and age of marine algae. Iodine or trace-element requirem en t is cur re nt ly t he mo s t co m m o n re as o n f o r s ea we e d supplementation. The maximum tolerated dose of 1000 µg of iodine per day (according to the Joint Food and Agric ulture Organization/World Health Organization Expert Committee on Food Additives) can be reached with only small amounts of some kelps 1 and should be assessed carefully by practitioners. Arsenic is considered to be toxic in the form of the inorganic salt when it consumed in excess of 2 µg per kg body weight per day. 70 Arsenic is also an essential trace element with a recommended minimum intake of 12-50 µg per day. 71 In broad terms, annual growth algae such as Undaria contain the lowest amounts of minerals and can, therefore, be consumed in larger quantities. For example, Tasmanian Undaria contains 53 µg per g of iodine and 0.96 µg per g of arsenic.*
Conclusions
Brown algae as either food or in supplement form may provide useful additional therapy for treating herpetic viral infections and some cancers. Other benefits include mild antihypertensive-and cholesterol-reducing effects. Used with caution, so as not to exceed the maximum iodine or arsenic intakes, these algae also provide valuable mineral supplementation.
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